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(54) Permanent magnet for nuclear magnetic resonance image detection 

(57) A permanent magnet for nuclear magnetic res- 
onance image detection, either of the so-called total- 
body or of the so-called dedicated type, comprising: 



a) a magnetic structure having a yoke and magnetic 
poles, so shaped as to delimit or enclose a cavity, at 
least a part of whose volume forms a compartment 
for receiving at least a part of the body under exam- 
ination, and at least a part of whose volume is the 
volume permeated by a static magnetic field having 
specific intensity and homogeneity characteristics; 
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b) the magnetic structure has at least one open 
side, parallel to the static magnetic field; 

c) the structure has at least two opposite poles, 
lying face to face, transverse to the open side, the 
static magnetic field being generated therebe- 
tween. 
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In the vicinity of the open side/s. the magnet has 
means for correcting (103,203) the static magnetic field 
generated between the main poles, which are intended 
to increase the magnetic potential near the opening, 
and over a predetermined depth therefrom, transverse 
to the open side, without reducing the span of said 
opening. 
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Description 

[0001] The invention relates to a permanent magnet 
for nuclear magnetic resonance image detection, either 
of the so-called total-body type, for receiving a consider- 
able part of the body, or the whole body, or of the so- 
called dedicated type, i.e. for detecting nuclear mag- 
netic resonance images only relating to certain parts of 
the human body, which magnet comprises: 

a) a magnetic structure having a yoke and magnetic 
poles, so shaped as to delimit or enclose a cavity, at 
least a part of whose volume forms a compartment 
for receiving at least a part of the body under exam- 
ination, and at least a part of whose volume is the 
volume permeated by a static magnetic field having 
specific intensity and homogeneity characteristics; 

b) the magnetic structure has at least one open 
side, parallel to the static magnetic field; 

c) the structure has at least two opposite poles, 
lying face to face, transverse to the open side, the 
static magnetic field being generated therebe- 
tween. 

[0002] In order to obtain spin-echo signals, for recon- 
structing sufficiently faithful images of the part under 
examination, i.e. valid images, therefrom, the body, or 
the part thereof under examination must be exposed, in 
nuclear magnetic resonance machines, to a static mag- 
netic field, having, in the image detection region, certain 
intensity and homogeneity characteristics. These char- 
acteristics are determined by predetermined toler- 
ances. 

[0003] As extensively discussed, for example in U.S. 
5.495,222, an ideal static magnetic field is obtained 
through a magnetic structure which closes the cavity or 
the volume for receiving the body or the part thereof on 
all sides. 

[0004] Theoretically, the provision of magnets of this 
type is possible, but they must be considerably large, so 
as to allow the whole body, for example of a patient, to 
be received therein. Such a machine is definitely expen- 
sive and cumbersome, and involves safety and comfort 
drawbacks for the patient 

[0005] Therefore, prior art machines have cavity- 
delimiting magnetic structures with at least one open 
side, with two open sides, generally opposite to each 
other, or with three or more open sides, like in C-shaped 
magnetic structures, and in structures having only two 
opposite and spaced poles and being open all along the 
peripheral shell of the two poles, except for supporting 
members, like columns. 

[0006] Owing to the provision of one or more open 
sides of the magnetic structure, in that region the mag- 
netic field is diffused out of the structure. Here, the field 
lines are outwardly swelled, and the field intensity and 
homogeneity progressively decrease, as the field 
approaches the open side/s of the structure. The mag- 



netic field volume having sufficient intensity and homo- 
geneity characteristics for image detection is thus 
reduced, with respect to the total volume of the cavity 
defined by the magnet, and with respect to the total vol- 

5 ume of the structure thereof. 

[0007] The immediate solution thereto would be an 
enlargement of the magnet structure, so as to keep the 
useful image detection volume as distant as possible 
from the open skje/s. However, also owing to the neces- 

10 sary relation between the useful volume and the volume 
or extension of the body, or the part thereof, to be exam- 
ined, this solution involves very unfavorable ratios 
between the total magnet size and the useful image 
detection volume, i.e. the volume within which the static 

is field has sufficient characteristics for detecting valid 
nuclear magnetic resonance images. In practice, the 
magnet structure must have a huge size, and be expen- 
sive, both as regards construction and as regards pur- 
chasing costs and location of the equipment at the final 

20 user's site. 

[0008] Although this drawback is less serious in the 
so-called total-body machines, i.e. those having a mag- 
net structure which receives the whole patient body or 
at least a considerable part thereof, the situation 

25 described above is much more burdensome in dedi- 
cated machines, i.e. small machines for detecting 
images of certain localized, specific body parts. 
[0009] Dedicated machines use small magnetic struc- 
tures, which must be relatively handy and light. The size 

30 compaction of the magnetic structures requires a high 
ratio between the space requirement of the structure 
and the useful image detection volume, and between 
the total cavity volume defined by the magnet and the 
useful image detection volume. Said useful volume 

35 should fill up a considerable part of the total cavity vol- 
ume. 

[0010] The problems related to dedicated machines 
are still more serious because, in order to provide highly 
flexible machines for several body parts, having different 
40 anatomic and morphologic characteristics, the magnet 
structure must have an increasingly great number of 
open sides. 

[0011] In certain types of permanent magnets, such 
as in the magnet described in patent application no US 

45 5,495,222, that is a C-shaped magnet, with two open 
sides, transverse to the axis of its C shape and one 
open side parallel thereto, in order to compensate field 
aberrations there are provided correction means at one 
open side, consisting in this case of extensions being 

so directed towards partially closing the opening on the 
side parallel to the axis. The aberrations at the sides 
transverse to the axis of the C shape are not compen- 
sated, since the magnet is long enough as to keep the 
open sides sufficiently distant from the relevant volume. 

55 [0012] The magnet according to this document is of 
the total-body type, and the patient body is introduced 
therein in the direction of the axis of the C shape, 
whereas the partially open side, parallel to the axis, has 
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the function to allow physicians or paramedics to per- 
form operations on the patient. 
[0013] Therefore, the invention aims at providing a 
magnet of the type described hereinbefore, which 
allows for a size reduction of the magnetic structure, 
while providing at least the same useful image detection 
volume, or even increasing the ratio between the useful 
image detection volume and the total space require- 
ment of the magnet allowing it to be made of such a 
shape that all its open sides may be indiscriminately 
used for introducing the patient therein, and having a 
small number of parts, with a simple geometry, and a 
relatively easy fabrication with sufficient tolerances. 
[0014] The invention achieves the above purposes, 
with a magnet of the type described hereinbefore, in 
which in the vicinity of the open side/s, the magnet has 
means for correcting the static magnetic field generated 
between the main poles, which correction means are 
intended to increase the magnetic potential near the 
opening, and over a predetermined depth therefrom, 
transverse to the open side, without reducing the span 
of said opening. 

[0015] Hence, at the open side/s, there is provided a 
pair of opposite auxiliary poles, inwardly penetrating 
over a predetermined distance towards their respective 
main poles, which auxiliary poles are provided with 
magnetized material, according to two alternative or 
combined methods, consisting in that the magnetized 
material associated to the auxiliary poles is in larger 
quantity and of different quality with respect to the mag- 
netized material associated to the main poles, in such a 
way as to obtain an increase of the magnetic potential in 
the area between said auxiliary poles with respect to 
that between the main poles, or the magnetized mate- 
rial associated to the auxiliary poles is equal as regards 
quantity and type to the magnetized material associated 
to the main poles, whereas, between the main pole and 
the adjacent auxiliary pole, a magnetized insert is inter- 
posed, so as to generate a magnetic potential differ- 
ence between the main poles and the adjacent auxiliary 
poles, whereby the magnetic potential of the auxiliary 
poles is increased with respect to the potential of the 
main pole and to the detriment thereof, the whole while 
keeping the distance between the pairs of opposite aux- 
iliary poles at least equal to, or greater than the distance 
between the main poles. 

[0016] The two solutions, which may be provided 
either singularly or combinedly, allow for the generation 
of a peripheral magnetic field near the opening, creating 
such conditions as to bring the static magnetic field 
between the main poles back to a concfition of sufficient 
intensity and homogeneity, within predetermined toler- 
ances, substantially for the whole volume interposed 
between the main poles and defined thereby. 
[001 7] The two arrangements may be provided, either 
independently or combinedly, for any type of magnet 
configuration, be it with one, two, three, four or more 
open sides, or with a peripheral completely open cover- 



ing. 

[0018] The first option consists in increasing the 
potential of the magnetic field between the auxiliary 
poles with respect to the main poles, without decreasing 

5 the field between the main poles. This is obtained by 
providing a greater quantity of magnetized material at 
the auxiliary poles, or by using a magnetized material of 
a different type, being fit for generating magnetic fields 
having a higher intensity than other magnetized materi- 

io als, when equal volumes thereof are compared. In this 
case, the auxiliary pole, comprising a plate of a high- 
permeability material, is thinner than the main pole, so 
as to terminate with its inner face at least copianar to the 
face of the main pole, or receding with respect to it with 

75 reference to the direction perpendicular to said faces of 
the main and auxiliary poles. 

[001 9] Therefore, thanks to the invention, the effect of 
the open sides of the magnet on the static field in the 
useful image detection volume may be reduced. This is 

20 achieved in a very simple and safe way. 

[0020] This invention involves considerable advan- 
tages when applied to machines of the dedicated type, 
according to the above definition. The correction barri- 
ers according to the invention limit the penetration of 

25 aberrations in the region of the main poles, thereby 
extending the volume within which the static field has 
sufficient characteristics for image detection to the 
whole volume defined by the main poles. This may 
achieved without extending the length of the magnet, so 

30 as to keep the openings distant from the main poles, 
arid thus contributing to keep the magnet size compact. 
Moreover, by keeping the inner surfaces of the opposite - 
auxiliary poles at a distance at least equal to, or greater 
than that between the opposite inner surfaces of the 

35 main poles, the distance between the two main poles is 
kept at the bare minimum. When the auxiliary poles are 
even at a greater distance than the main poles, an 
opening may be generated for receiving body parts, 
next to the ones under examination, which are even 

40 larger than the latter. This may be the case of the shoul- 
der, which is thinner than the thorax. 
[0021] Several magnetization vectors may be pro- 
vided for the magnetized materials of the main poles 
and of the auxiliary poles, and generally, the layers of 

45 magnetized material associated to the main poles and 
to the auxiliary poles have parallel magnetization vec- 
tors, oriented in the same direction, substantially per- 
pendicular to the inner faces of the poles. 
[0022] Conversely, when a magnetized insert is pro- 

50 vided between the main pole and the auxiliary pole 
associated thereto, the magnetization vector associated 
to said insert is oriented with at least one component 
perpendicular to the magnetization vector of the mag- 
netized material associated to the main poles and to the 

55 auxiliary poles. 

[0023] The other magnetic field components, intro- 
duced by the magnetized element between the main 
poles ad their respective auxiliary poles help to obtain a 



3 



5 EP0921408A1 6 



higher reducing and limiting effect on the swelling ten- 
dency of the magnetic field lines, at the corresponding 
opening. 

[0024] Hence, the magnet according to the invention 
has a lighter and less cumbersome and heavy construe- 
tion, when at least equal useful NMR image detection 
volumes are compared. 

[0025] According to the geometrical characteristics of 
the magnet other arrangements may be associated to 
the characteristics described hereinbefore, as will be 
detailed hereafter. These characteristics and arrange- 
ments may be used both separately and in any combi- 
nation thereof. 

[0026] Further arrangements and improvements 
according to the invention wiO form the subject of the 
dependent claims. 

[0027] The characteristics of the invention and the 
advantages derived therefrom will appear more dearly 
from the following description of an embodiment illus- 
trated, not by way of restriction, in the accompanying 
drawings, in which: 

Fig. 1 is a partially sectional view of a 3 D magnet 
having the shape of a rectangular parallelepiped, 
with one open side. 

Rg. 2 is a sectional view, with respect to an axial 
plane, of a magnet whose shape substantially cor- 
responds to that of fig. 1 . having two opposite open 
sides. 

Rg. 3 is a sectional view of the magnet according to 

fig. 2, with respect to a radial plane. 

Fig. 4 shows a magnet shaped according to the 

previous figures, which has three open sides, in a 

U-shaped configuration, and more precisely the 

view being divided into two halves, each showing a 

different variant of the U-shaped magnet. 

Rg. 5 is a sectional view of the U-shaped magnet 

according to one of the variants of fig. 4, with 

respect to a plane radial to its axis. 

Rg. 6 is a plan view of the inner face of one of the 

two parallel branches of the magnet according to 

figs. 4 and 5, and according to cfifferent variants 

thereof. 

Fig. 7 schematically shows a U-shaped magnet 
without auxiliary poles, and the pattern of the field 
lines. 

Rg. 8 shows, like fig. 7, a first variant of the U- 
shaped magnet having an auxiliary pole and an 
increased quantity of magnetized material associ- 
ated to the auxiliary pole, with a theoretical thick- 
ness, to compensate for the cavity widening with 
respect to the portion associated to the main pole. 
Rg. 9 shows, like figs. 7 and 8. the magnetic field 
pattern in the variant of the U-shaped magnet 
wherein the opening of the magnet, in auxiliary pole 
region, is only compensated by a greater thickness 
of the magnetic material. 

Rg. 10 shows, like figs. 7 to 9, the field pattern in a 



further alternative embodiment of the U-shaped 
magnet, in which a magnetized insert is provided 
between the main pole and the auxiliary pole. 
Rg. 1 1 is a diagram showing the curves of the mag- 

5 netic field intensity, in the direction perpendicular to 

the poles and depending on the axis perpendicular 
to the closed transverse side of the yoke, related to 
the cases of figures 7 to 10. 
Rg. 12 shows a further embodiment of the U- 

io shaped magnet in which the greater thickness of 
the magnetized layer, associated to the auxiliary 
pole, has been combined to the provision of the 
magnetized insert. 

Rgs. 13 and 14 show further embodiments of the 

is U-shaped magnet. 

Rg. 15 is a sectional view, with respect to a radial 
plane, of a magnet having two opposite plates 
which define a volume completely open at its sides. 
Rg. 16 is a plan view of the inner face of the magnet 

20 according to fig. 1 4, having circular shape and sym- 
metry. 

Rg. 1 7 is a view like that of fig. 1 5, the magnet hav- 
ing a hexagonal shape. 

25 [0028] The permanent magnet shown in figure 1 is a 
3 D magnet and has a structure, i.e. a yoke 1. with five 
closed sides. The side 101 is open to allow the body 
under examination, or a part thereof to be introduced 
therein. Two parallel and opposite sides 201 , 301 of the 

30 yoke inwardly bear one respective main pole 2. The two 
main poles 2 are parallel and opposite to each other. 
Along the edges of the open side 101, the two parallel 
sides which bear the main poles 2 have two parallel and 
opposite auxiliary poles 3. extending over at least a part 

35 of said sides, and at least over the same extension of 
the main poles 2 associated thereto. Rg. 1 shews two 
variant embodiments, one above and the other below 
the median plane parallel to the poles 2, 3. 
[0029] The two variants may be provided combined ty 

40 near the opening, but the magnet structure is generally 
symmetrical with respect to said median plane parallel 
to the poles 2. 3. 

[0030] In the first variant embodiment the main poles 
2 have a layer of magnetized material 102, inwardly 
45 superposing the corresponding side 201 of the yoke 1 , 
on whose free inner face a plate 202 made of a high- 
permeability material, i.e. of ferromagnetic material is 
superposed. 

[0031 ] The auxiliary pole 3 is also composed of a layer 
so of magnetized material 103, on which a plate made of a 
high-permeability, particularly ferromagnetic material 
203 is superposed. The magnetization vectors of the 
two layers 102 and 103 of magnetized material are par- 
allel and oriented in the same direction, as indicated by 
55 arrows M2 and M3. The magnetized material forming 
the layer 103, associated to the auxiliary pole is of a dif- 
ferent type, with respect to the magnetized material 
forming the layer 102, associated to the main pole. The 



BNSDOCID: <EP 0921408A1_I_> 



t 



EP0 921 408 A1 



8 



7 

one may be, for example, ferrite, and the other, for 
example, neodymium, or others, and anyway the differ- 
ent materials are chosen in such a way that the potential 
difference between the auxiliary poles 3 is higher than 
that between the main poles. s 
[0032] The layers 102. 103 of magnetized material 
have the same thickness, as well as the plates 202. 203 
made of high-permeability material, whereby the auxil- 
iary pole 3 and the main pole 2 terminate with coplanar 
inner faces. 

[0033] Obviously, by applying the same criteria for 
increasing the potential between the auxiliary poles 3 
with respect to the magnetic potential between the main 
poles 2. both the layers 103 of magnetized material and 
the plates 203. made of ferromagnetic, or high-permea- 
bility material, may not be as thick as the equivalent lay- 
ers of the main poles. Thereby, the two inner faces of 
the main poles and of the auxiliary poles may still 
extend coplanar to and flush with each other, or the aux- 
iliary poles may be receded to a certain extent with 
respect to the main poles 2, the span of the opening at 
the auxiliary poles 3 being greater than the distance 
between the main poles 2. 

[0034] As is apparent in the upper half of f ig. 1. the 
plate 203 of the auxiliary pole 3 is at a distance from the 
plate 202 of the main pole 2. 

[0035] The lower half of the magnet according to fig- 
ure 1 shows a variant embodiment, in which the layer of 
magnetized material 103, associated to the auxiliary 
pole 3 is provided in the same quantity, i.e. of the same 
thickness as the layer 102, associated to the main pole 
2. The plates 202, 203. made of the high-permeability 
material also have the same thickness. In this case, a 
magnetized insert 4, wholly made of magnetized mate- 
rial, or of a part of magnetized material and a part of non 
magnetized material, either of the high-permeability or 
of the low-permeability type, is interposed between the 
auxiliary pole 3 and the main pole 2. The magnetized 
insert 4 has a magnetization vector M4 with at least one 
component perpendicular to the magnetization vectors 
M2 and M3 of the main and auxiliary poles 2 and 3. or 
parallel to the faces thereof. Preferably, in the configura- 
tion as shown in fig. 1 , the magnetization vector M4 of 
the intermediate pole has a single component perpen- 
dicular to the magnetization vectors M2 and M3 of the 
layers 102, 103 of the main and auxiliary poles 2, 3. 
[0036] While in the first variant embodiment the 
higher magnetic potential of the auxiliary poles 3 limits 
the swelling effect and thus the intensity reduction in the 
main pole region, facing the open side 101, in the sec- 
ond variant, thanks to the magnetized insert 4, the 
potential of the magnetic field of the auxiliary pole is 
increased to the detriment of the main pole, thereby 
obtaining the same effect as in the variant shown in the 
upper half of fig. 1 . though with a lower reduction of the 
field mean value. 

[0037] Figs. 2, 3 show another magnet, having an 
annular shape, i.e. with two opposite open sides 101, 



401 . In this case, the second open side 401 also has a 
pair of auxiliary poles 3. In the figures the auxiliary poles 
are like those of the first variant embodiment described 
with reference to the upper half of fig. 1 . Nevertheless, a 
configuration corresponding to the second variant, 
shown in the lower half of fig. 1 may be also provided, at 
both open sides 101. 401. and there may be possibly 
provided a variant on one open side and the other on 
the opposite open side, for example when the useful 
image detection volume, delimited by the main poles 2, 
is required to be asymmetric. 

[0038] Figs. 4 to 6 and 7 to 12 show different variant 
embodiments of the invention, referring to a magnet 
which has an additional open side parallel to the axis of 
the magnet according to figs. 2 and 3, and perpendicu- 
lar to the poles 2, 3. 

[0039] This side, indicated as 501, will be named 
transverse side, and the closed side opposite thereto 
will be named transverse connecting side 601 between 
the two opposite parallel sides 201 , 401 . 
[0040] The U-shaped magnet as shown in figures 4 to 
12 has a yoke 1 , made of a high-permeability material, 
composed of three plates 201 , 301 , 601 , forming the U- 
shape. The plates have plane inner faces, which define 
a compartment substantially shaped as a rectangular 
parallelepiped. The two plates 201. 301 are the parallel 
sides of the yoke 1 . whereas the plate 601 is the trans- 
verse connecting side. The other three sides 101 . 401 . 
501 are completely open. 

[0041 ] Likewise to the above embodiments, each side 
201 . 301 of the yoke 1 has. on its inner face, a layer of 
magnetized material 102. superposed by a plate 202, 
made of a high-permeability material, thus forming the 
main pole 2. 

[0042] This additional embodiment of the invention 
providing a U-shaped magnet with three open sides, 
may be obviously provided in combination with auxiliary 
poles 3 whose construction is identical to that described 
with reference to the previous embodiments according 
to figures 1 to 3. In the example shown herein, the mag- 
net with three open sides has auxiliary poles whose 
construction complies with a further variant embodi- 
ment, itself also applicable to the examples as shown in 
figures 1 to 3. 

[0043] In a first variant as shown in fig. 4, in the right 
half thereof, the auxiliary poles only extend along the 
open transverse side 501 and over the whole width 
thereof. The layer of magnetized material associated to 
the auxiliary poles 3 is thicker than the layer associated 
to the main pole 2. Particularly, the layer 102 of magnet- 
ized material, associated to the main pole is made to 
extend right under its respective auxiliary pole 3, 
whereas the latter has a further layer 103' and the two 
plates 203 and 202 have different thicknesses, such that 
the total thickness of the layers of magnetized material 
and of the plates is greater in the area of the main poles 
2. than in the area of the auxiliary poles 3. So, the main 
poles 2 are closer to each other than the auxiliary poles 
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3. This helps to obtain a static field having appropriate 
characteristics, between the main poles 2. The auxiliary 
poles, at a greater distance from each other make the 
opening wider and fit for receiving larger body parts, 
being connected to the body parts to be examined, with 
no change being provided in the total size of the mag- 
net, nor in the correcting effect of the auxiliary poles. 
Between each auxiliary pole 3 and the main pole 2 
associated thereto, there is provided a magnetized 
insert 4, consisting of a layer of magnetized material 
104, and of one or more layers of low-permeability 
material, particularly aluminum, 204. As is apparent, the 
layer of low-permeability material 204 is as thick as the 
additional layer 103 of magnetized material associated 
to the auxiliary pole, whereas the layer 104 of magnet- 
ized material of the pole 4 may be, as shown, as thick as 
the plate 203 of the auxiliary pole 3, terminating flush 
with the inner face thereof. 

[0044] The magnetization vectors M2, M3, M4 have 
the same orientation as described with reference to the 
previous examples. 

[0045] According to an improvement, shown in figure 
12, the layer 104 of magnetized material is completely 
held in a box-like compartment which is formed by the 
layer of low-permeability material 204, and extends also 
along the sidewalls of the layer 1 04 and may also possi- 
bly be closed at the inner face of the layer 104 of mag- 
netized material. 

[0046] The effect of the magnetized insert 4 is appar- 
ent from figure 11. 

[0047] With reference to figures 7 to 10, an illustration 
is provided of the flux lines of the magnetic fields gener- 
ated between the main poles 2 and the auxiliary poles 
3, according to different configurations of the U-shaped 
magnet Figure 1 1 shows the curves corresponding to 
the magnetic field values in the direction perpendicular 
to the poles, whereas the X-axis measures the distance 
from the pole edge turned towards the open sida 
[0048] The magnet according to figure 7 has no auxil- 
iary pole. The curve related to the field is indicated in 
figure 1 1 by the line L7. The magnet according to figure 
8 has auxiliary poles and the magnetized material asso- 
ciated to the auxiliary pole is thicker than that corre- 
sponding to the main pole. The field curve 
corresponding to this magnet is indicated, in figure 11, 
by the line L8. The increased thickness corresponds, in 
this case, to the theoretical value which is expressly cal- 
culated to compensate for the wider portion of the cavity 
between the auxiliary poles, with respect to that 
between the main poles. 

[0049] The magnet according to figure 9 has a further 
increase of the magnetized material associated to the 
auxiliary pole. The field resulting from this configuration 
is indicated in fig. 1 1 by the line L9. 
[0050] Fig. 1 0 shows a U-shaped magnet as shown in 
figure 8, in which there is additionally provided a mag- 
netized insert between the main pole and the auxiliary 
pole. The curve of the magnetic field for this variant is 



indicated in fig. 1 1 by the fine L10. 
[0051 ] As is apparent from figure 1 1 , in which the line 
L1 1 indicates the limit of the main pole on the open side, 
parallel to the transverse side of the yoke, the intensity 

5 of the magnetic field in the area between the two main 
poles dramatically and continuously falls in the direction 
of the open side, and before reaching the edge of the 
main poles turned towards said open transverse side 
and indicated by the vertical line L1 1 . The configuration 

10 according to fig. 8 slightly irrproves this situation. The 
field intensity is higher, but always falls before reaching 
the edge of the main poles turned towards the open 
side. 

[0052] Conversely, the lines L9 and L10 indicate that 
is in both cases the field is substantially constant for the 
whole extension of the main poles and only falls beyond 
the peripheral edge of the main pole turned towards the 
transverse open side of the magnet 
[0053] The difference between the absolute values of 
20 the two lines L9 and L10 owes to the fact that, while in 
the former case (L9), the application of magnetized 
material to the auxiliary pole generally increases the 
field intensity, in the latter case (L10), since the increase 
of the auxiliary pole potential with respect to the main 
25 pole potential is obtained to the detriment of the main 
pole, the general intensity level of the magnetic field is 
reduced. 

[0054] Better results may be obviously obtained by 
combining the magnet configurations according to fig- 

30 ures 9 and 10. as shown with reference to figure 12. 
[0055] The magnet according to figures 4 to 1 3 further 
has. at the closed side parallel to the open transverse 
side 501. an additional magnetized member 5, whose 
magnetization vector M4 has at least one component 

35 perpendicular to the magnetization vectors M1 and M2 
associated to the main and auxiliary poles, i.e. parallel 
to the inner faces of said poles, and a sense of said 
component being identical to that of the same compo- 
nent of the magnetization vector M3 of the magnetized 

40 inserts 4. This member has the function to maintain the 
correct magnetic field pattern near the closed trans- 
verse side 601. Said magnetized member 5 may have 
an inner face parallel to the field and therefore plane, 
otherwise concave or convex. The member may be 

45 divided into two blocks, slightly spaced symmetrically 
with respect to the median plane parallel to the main 
poles 2, and may be at a distance, as shown in figures 
4 to 12 or in contact with the main pole, as shown in fig- 
ure 13. 

so [0056] With reference to figure 1 4. a variant is shown 
in which no member 5 made of magnetized material is 
provided on the closed transverse side. In this case, a 
similar effect may be obtained by providing a projection, 
along the edge of the plate 202 of the main poles. 

55 directed towards the opposite main pole. In the example 
shown herein, the projection consists in a bar 7 having 
a trapezoidal section, which extends flush with the edge 
of the plate 202 of the main poles, opposite to the open- 
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ing 501. 

[0057] With particular ref erence to f igures 4 and 6, the 
views shown therein are composite and each half of the 
figure shows two variants of the U-shaped magnet A 
first variant shown in the right half of fig. 4 provides no s 
field correction along the other open sides perpendicu- 
lar to the side 501. In this case, the main poles 2, the 
auxiliary poles 3, the magnetized inserts 4, the mem- 
bers of magnetized material 5 extend over the whole 
length of the open transverse side 501 . 10 
[0058] The left half and fig. 6 show configurations in 
which the arrangements provided on the open trans- 
verse side 501 are also applied to the other opposite 
open sides perpendicular thereto. The arrangements 
shown therein are like those described as regards the is 
auxiliary poles along the open transverse side 501. 
However, along said open sides, there may be also pro- 
vided arrangements of the same type as described with 
reference to the previous embodiments. 
[0059] The plan view of fig. 6 shows different forms of 20 
transition between the auxiliary poles and the magnet- 
ized inserts along the individual open sides. This figure 
only shows some possibilities thereof. In the left half, the 
two auxiliary poles and the possible magnetized inserts 
terminate flush with the side of the main pole 2 associ- 25 
ated thereto, which is transverse to their longitudinal 
extension. By this arrangement, there is no contact 
between the auxiliary poles 3 on the individual open 
sides and between the corresponding magnetized 
inserts 4. The end facing the closed transverse side 30 
may terminate in the same way as described along the 
open side 501, and the magnetized members 5 may 
extend over the whole length of the transverse side 
. opposite to the transverse opening 512 or may termi- 
nate flush with the main pole 2. As indicated in the vari- 35 
ant shown on the left side of figure 6, one of the two 
auxiliary poles may extend right to the end of the corre- 
sponding open side, in this case of the side 501, 
whereas the auxiliary pole and the magnetized insert if 
there is any, along the open side perpencficular thereto 40 
abut against the first auxiliary pole and/or the first mag- 
netized insert. Alternatively, the auxiliary poles 2 on all 
open sides and the magnetized inserts 4 which may be 
provided may extend without interruption coaxially sur- 
rounding, like a frame, the corresponding main pole. 45 
[0060] According to a further variant, as shown in the 
right half of fig. 4, the two opposite parallel sides of the 
yoke 1 may be tapered in the direction of the open side 
501 . In this case, said two ends are either thinned from 
the outside or flattened or chamfered 701, at their so 
edges. 

[0061] This concfition is shown with reference to a 
magnet having four completely open sides, or an open 
perimeter of a prism having a circular or polygonal base. 
[0062] Figure 13 shows a variant embodiment differ- ss 
ing from the others in that the magnetized members 5 
and inserts have surfaces for contact with all the ele- 
ments around them, whereas their free faces are. 



inclined so as to be connected to the associated edges 
of the inner faces of the poles 2, 3. This embodiment 
also has the advantages of the invention but has some 
construction inconveniences, since the fabrication of 
parts not having rectangular parallelepiped or cubic 
shapes is more expensive and difficult 
[0063] Figure 15 shows a section of such a magnet 
with respect to a diametrical plane. Two parallel bearing 
plates 10 are kept at a certain distance from each other 
by spacers 11 in the form of columns. The two plates 
coaxially bear each one main pole 12, comprising a 
layer of magnetized material 112 and a plate of high- 
permeability material 212. Like in the example of figure 
4, there are provided auxiliary poles 13 and magnetized 
inserts 1 4. As shown in figures 16 and 1 7, both the aux- 
iliary poles and the magnetized inserts 14 may have 
perfectly annular shapes or be composed, at least par- 
tially, of spaced sectors. The latter configuration is 
shown in figure 1 7, in which the construction of non par- 
allelepiped members, involving higher costs, due to the 
minimum tolerances that the parts are required to have 
with respect to their shape, may be avoided, by limiting 
the extension of the auxiliary poles 13 and of the mag- 
netized inserts 14 to the length of the individual sides of 
the main polygonal pole. 

[0064] Thus criteria may be also taken when choosing 
among the different configurations illustrated and the 
different embodiments described herein. In fact, pro- 
vided that an effective field correction is obtained 
between the main poles, the best configuration as 
regards construction, assembly and costs is the one in 
which the individual members are formed or shaped like 
rectangular parallelepipeds, or cubes, or similar. 
[0065] Naturally, the invention is not limited to the 
embodiments described and illustrated herein, but may 
be greatly varied, especially as regards construction, 
without departure from the guiding principle disclosed 
above and claimed below. 

Claims 

1. A permanent magnet for nuclear magnetic reso- 
nance age detection, either of the so-called total- 
body type, for receiving a considerable part of the 
body, or the whole body, or of the so-called dedi- 
cated type. i.e. for detecting nuclear magnetic reso- 
nance images only relating to certain parts of the 
human body, which magnet comprises: 

a) a magnetic structure having a yoke and 
magnetic poles, so shaped as to delimit or 
enclose a cavity, at least a part of whose vol- 
ume forms a compartment for receiving at least 
a part of the body under examination, and at 
least a part of whose volume is the volume per- 
meated by a static magnetic field having spe- 
cific intensity and homogeneity characteristics; 

b) the magnetic structure has at least one open 
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side, parallel to the static magnetic field; 
c) the structure has at least two opposite poles, 
lying face to face, transverse to the open side, 
the static magnetic field being generated there- 
between, 

characterized in that 

in the vicinity of the open sidefe, the mag- 
net has means for correcting the static 
magnetic field generated between the 
main poles, which correction means are 
intended to increase the magnetic poten- 
tial near the opening, and over a predeter- 
mined depth therefrom, transverse to the 
open side,, without reducing the span of 
said opening. 

A permanent magnet as claimed in claim 1 , charac- 
terized in that at the open side/s, there is provided a 
pair of opposite auxiliary poles, inwardly penetrat- 
ing over a predetermined distance towards their 
respective main poles, which auxiliary poles are 
provided with magnetized material, according to 
two alternative or combined methods, consisting in 
that 

a) the magnetized material associated to the 
auxiliary poles is in larger quantity and of differ- 
ent quality with respect to the magnetized 
material associated to the main poles, in such a 
way as to obtain an increase of the magnetic 
potential in the area between said auxiliary 
poles with respect to that between the main 
poles; 

b) and/or the magnetized material associated 
to the auxiliary poles is equal as regards quan- 
tity and type to the magnetized material associ- 
ated to the main poles, whereas, between the 
main pole and the adjacent auxiliary pole, a 
magnetized insert is interposed, so as to gen- 
erate a magnetic potential difference between 
the main poles and the adjacent auxiliary 
poles, whereby the magnetic potential of the 
auxiliary poles is increased with respect to the 
potential of the main pole, 

c) both arrangements being alternatively or 
combinedly provided while keeping the dis- 
tance between the pairs of opposite auxiliary 
poles at least equal to, or greater than the dis- 
tance between the main poles. 

A magnet as claimed in claim 2, characterized in 
that the main poles and the auxiliary poles have 
parallel magnetization vectors (M1. M2), oriented in 
the same direction, whereas the magnetized 
inserts (4, 14) have a magnetization vector (M3) 
with at least one component transverse to the mag- 
netization vectors (M1, M2) of the main and auxil- 



iary poles (2, 3) or parallel to the faces of said poles 
(2, 3), which component is oriented in the direction 
of the main pole (2). 

5 4. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the main poles (2, 
12) and the auxiliary poles (3. 13) are composed of 
a layer of magnetized material (102, 103,112,113). 
and of a plate made of a high-permeability plate 

io (202, 212, 203, 213). the two plates being arranged 
in such a way that the inner free faces of the poles 
(2, 3) are parallel. 

5. A magnet as claimed in claim 4. characterized in 
is that the plates (202, 212, 203. 213) made of ferro- 
magnetic material of the main poles and of the sec- 
ondary poles (2. 3) are at a distance from each 
other. 

20 6. A magnet as claimed in claims 4 or 5, characterized 
in that the layers (102, 103, 112. 113) of magnet- 
ized material, associated to the poles (2, 12, 3, 13) 
have equal thicknesses for both poles or different 
thicknesses, and are made of the same material or 

25 of different materials. 

7. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the plates made of 
ferromagnetic or high-permeability material (202, 

30 203, 212. 213) associated to the poles (2, 12, 3. 13) 
have the same thickness for both poles or different 
thicknesses. 

8. A magnet as claimed in one or more of the preced- 
35 ing claims, characterized in that the layers of mag- 
netized material (102. 103, 112, 113), associated to 
the poles (2, 3, 12, 13) are in contact with each 
other, whereas in the throat formed between the 
plates (202, 203, 212, 213) made of ferromagnetic 

40 material of adjacent main and auxiliary poles (2, 3, 
12, 13), a magnetized insert is housed (4, 14), 
which is in direct contact with one or both layers of 
magnetized material (102, 103, 1 12. 113) and with 
the opposite edges of the plates (202. 203, 212, 

45 213) made of high-permeability material. 

9. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the magnetized 
inserts (4, 14) are composed of a layer of magnet- 

so ized material (204) and of a layer of low-permeabil- 
ity material, for example aluminum (104), the layer 
(104) of low-permeability material being placed in 
direct contact with the layers of magnetized mate- 
rial (102. 103, 112, 113) of the auxiliary and main 

55 poles (2. 3. 12. 13). 

10. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the layer of low- 
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permeability material (104) of the magnetized 
inserts (4, 14) is made like a box- or duct-like com- 
partment for holding the layer of magnetized mate- 
rial (4), interposed between the latter and the layers 
of magnetized material (102, 112, 103, 113) and 5 
the plates (202, 212, 203, 213) of the main and aux- 
iliary poles (2, 12,3. 13). 

11. A magnet as claimed in claim 10, characterized in 
that the compartment made of low-permeability 10 
material (104) of the magnetized insets (4, 14) is 
also closed on the side turned towards the opposite 
poles (2. 3, 12, 13). 

1 2. A magnet as claimed in one or more of the preced- is 
ing claims, characterized in that the inner faces of 
the magnetized inserts (4, 14) extend flush with and 
parallel to the inner face of the auxiliary pole (3, 1 3) 
and/or of the main pole (2, 12), associated thereta 

20 

13. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the inner faces of 
the magnetized inserts (4, 14) connect the edges of 
the opposite sides of the inner faces of the two 
associated auxiliary (3, 13) and main poles (2, 12). 25 

14. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that it has a structure 
having the shape of a rectangular parallelepiped 
and only one open side (101). the auxiliary poles 30 
(3) being provided along the edges of said side, 
parallel to the main pole (2) and having at least a 
partial extension, corresponding to that of the main 
pole in the direction parallel to the open side (101). 

35 

15. A magnet as claimed in one or more of claims 1 to 
13, characterized in that it has a rectangular paral- 
lelepiped shape and two opposite open sides (101 , 
401), there being provided an auxiliary pole along 

the edges of each open side (101 , 401), parallel to 40 
the corresponding main pole (2). 

16. A magnet as claimed in one or more of the preced- 
ing claims 1 to 1 3, characterized in that it has a rec- 
tangular parallelepiped shape and three adjacent 45 
open sides (101, 501, 401), one open side (501) 
being parallel to one transverse connecting side 
(601) between two other parallel sides (201, 301), 
which bear the main poles (2), whereas the auxil- 
iary poles (3) are provided at least along the edges so 
of the open side (501) and have an extension corre- 
sponding to the extension of the main pole in the 
direction parallel to said open side (501). 

17. A magnet as claimed in claim 16. characterized in ss 
that the main poles (2) and the auxiliary poles (3), 
and. if any, the magnetized inserts (4) extend over 
the whole length of the open side (501 ) between the 



two other opposite open sides (101. 401). 

18. A magnet as claimed in claims 16 or 17. character- 
ized in that the auxiliary poles (3) and. if any, the 
magnetized inserts (4) are also provided along the 
other two open sides (101, 401). 

19. A magnet as claimed in claim 17, characterized in 
that the auxiliary poles (3) and, if any, the magnet- 
ized inserts (4) along the two opposite open sides 
(1 01 , 401) extend at least over the whole extension 
of the main pole (2). 

20. A magnet as claimed in claim 19, characterized in 
that the auxiliary poles (3) and. if any. the magnet- 
ized inserts (4) extend to such an extent that they 
mutually abut against one another in the corner 
regions between the open sides (101, 401, 501). 
wholly surrounding the sides of the main poles (2, 
12) facing towards the openings. 

21. A magnet as claimed in claim 20, characterized in 
that the auxiliary poles (3) and, if any, the magnet- 
ized inserts (4. 14) wholly surround like coaxial 
frames the sides of the main poles (2. 12) facing 
towards the openings. 

22. A magnet as claimed in one or more of the preced- 
ing claims 1 6 to 21 . characterized in that on the side 
(601) transverse to the main poles (2), there is pro- 
vided a member made of magnetized material (5), 
whose magnetization vector (M4) has at least one 
component transverse to the magnetization vector 
(M1) of the main poles (2). which component is ori- 
ented in the direction of said transverse side (601). 

23. A magnet as claimed in claim 22. characterized in 
that said member made of magnetized material (5) 
has a face turned towards the main poles (2). which 
may be plane and perpendicular to the inner faces 
thereof, concave or convex, whereas the member 
(5) made of magnetized material may be divided 
into two parts, possibly spaced symmetrically to the 
median plane parallel to the pole faces. 

24. A magnet as claimed in claims 23 or 24, character- 
ized in that the member/s made of magnetized 
material (5) may terminate with the layer of magnet- 
ized material (102) and/or with the plate (202), or 
both being at a certain distance from the main poles 
(2) or in contact therewith. 

25. A magnet as claimed in one or more of claims 23 to 
25. characterized in that the member/s made of 
magnetized material (5) extend over the whole 
length of the side (601) transverse to the poles (2) 
or only over a part thereof, preferably correspond- 
ing to the extension of the poles (2). 
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26. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the main poles (2) 
have at least one rb, projecting in the direction of 
the opposite main pole (2), and extending along the 
edge facing towards the opening (501 ) which is par- 5 
allel to the side (601) transverse to said poles. 

27. A magnet as claimed in claim 26. characterized in 
that the rib (7) is made of a high-permeability mate- 
rial. 10 



allel skies are tapered towards the open side (501). 
opposite to the closed transverse side (601). the 
edges perpendicular to the poles being provided 
with chamfers (701). which may extend over the 
depth of the auxiliary pole (3). 

35. A permanent magnet for nuclear magnetic reso- 
nance age detection, wholly or partially as 
described, illustrated and for the objects stated 
above. 



28. A magnet as claimed in claims 26 or 27. character- 
ized in that the rib (7) extends over the whole length 
of the corresponding main pole (2) or over a part of 
said length. 15 

29. A magnet as claimed in one or more of the preced- 
ing claims 26 to 28, characterized in that the rib (7) 
has a rectangular trapezoidal section, and extends 
flush with the edge of the corresponding main pole 20 
(2), opposite to the opening (501). 

30. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that it has a parallelepi- 
ped or cylindrical shape, with a wholly open shell. 25 
and that the main poles (12) are provided on two 
opposite plates (10), whereas the auxiliary poles 
(13) and. if any, the magnetized inserts (14) are 
arranged concentrically around the main poles (12), 
extending without interruption like a frame. 30 

31. A magnet as claimed in daim 30. characterized in 
that the auxiliary poles (13) and, if any, the magnet- 
ized inserts (14), consist of segments having a pre- 
determined length, and being equally spaced 35 
around the main poles (12). 



32. A magnet as claimed in claim 31, characterized in 
that the main poles (12) have a polygonal plan, 
whereas the auxiliary poles (13) and, if any, the 
magnetized inserts (14), have rectangular or 
square shapes, and only extend over the length of 
the associated side of the main pole. 



33. A magnet as claimed in one or more of the preced- 
ing claims, characterized in that the magnetization 
layer associated to the auxiliary poles (3, 13) is 
thicker, as a whole, than that associated to the main 
poles (2, 12), whereas the thickness of the plates 
made of high-permeability material (202, 203. 212, 
21 3) is such that the free faces of said plates extend 
at least coplanar, or the free faces of the opposite 
auxiliary poles (13) are at a greater distance with 
respect to the main poles (1 2). 

34. A magnet as claimed in one or more of the preced- 
ing claims 1 to 31, characterized in that it is U- 
shaped, whereas the ends of the two opposite par- 
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